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Abstract High strength cementitious materials are usually prepared using iron ore tailings by step—milling method. For optimal step—
milling, this paper studies its effect on mechanical properties of the high strength structural materials based on uniform design.
Stepwise regression analysis in SPSS software was used to establish the regression equation, which takes the strength of concrete as
the objective function, and the optimum milled program for preparation of the high strength structural materials was obtained by the
optimization technology in the Matlab software. The result of the experiment shows that the high strength structural material was
successfully prepared when the milling time of each stage in the step—milling was set to be 21, 67 and 57 min and the specific
surface areas were 285, 485and 550 m?/kg. Its compressive strength reached 75.28 MPa. The optimization of the step—milling method
shows that the micro—ball effects play an important role in preparation of the cementitious materials.
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Table 1 Chemical composition of raw materials %
kL Si0; ALO; Fe,0; FeO MgO Ca0 MnO S0, Bt
RN 72.12 3.04 12.62 3.44 1.13 2.96 0.17 0.16 3.06
LS 32.70 15.40 0.40 — 8.97 38.79 0.02 1.93 0.76
TR B 22.50 4.86 3.43 0.02 0.83 66.30 — 0.31 0.96
R A 3.16 1.35 0.47 0.09 7.49 33.38 — 45.70 8.28
* 2) B N R E R AR S K T LY
4 ggw 2.92 glem® ALZERLM L 1,
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Fig. 1 XRD patterns of iron ore tailings
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Table 2 Screening analysis of iron ore tailings

K14 /mm KL% i BF= K%
+0.315 0.2 100.0
-0.315+0.16 5.0 99.8
-0.16+0.074 20.2 94.8
-0.074+0.045 26.5 74.6
-0.045 48.1 48.1
At 100.0 —
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Table 3 Plans of uniform design testing

I To/min T'/min T>/min
1 20 38 42
2 28 54 60
3 36 70 36
4 44 30 54
5 52 46 30
6 60 62 48
2 BR5%t

Fie MR 3 BIR8 7 20 T IR A TRV AR ZHORT3 8 I ] %) JE v A
B & R B R B, 3 FECGB/T 17671—1999 7K Je i s
SRR TR (IS0 %) ), Ml e g2 4 42 3 .7 #1128 d B Adde
Pr BT RsRIE IR LE R L3R 4,

x4 BHETHLRER
Table 4 Results of uniform design testing

. By /MPa HLHIRE/MPa
3d 7d 28 d 3d 7d 28 d
1 7.14 9.32 11.96 32.68 49.77 66.73
2 8.40 10.62 12.38 39.19 61.48 71.35
3 7.06 9.44 12.16 34.79 55.61 71.09
4 7.81 9.66 11.60 34.00 49.33 63.28
5 6.46 9.01 11.12 27.65 43.16 58.58
6 7.67 9.55 10.88 35.78 48.57 62.69
RSB R L HEAR S, 56 5 A 2 4 23 (Al Hp 345 43 ¥,=62.363 - 0.00533x; +0.002068x; + (2)
i, B BRI IE A BT a7 5 5 EDUL AT, (0 A AT 45 K 0.000235x,x; +0.003778x,x,
AL 3BT , 75 2 B SRR e A AR 2 y,=10.7485 +0.0682415x, = 0.0013x; + (3)
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128 d IHTRERIE v, S PTHTHRIE y2 1) — R Z T[]
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U, o TSR], min; . M S 1 BEES O BERT (], min; as A
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Table 5 Comparison of the measured values and predicted values by the regression equation

o P K /MPa BT/ MPa

S T TR S T R
1 66.73 66.77 -0.04 11.96 11.96 0
2 71.35 71.32 0.03 12.38 12.38 0
3 71.09 71.08 0.01 12.16 12.15 0.01
4 63.28 63.26 0.02 11.60 11.59 0.01
5 58.58 58.54 0.04 11.12 11.12 0
6 62.69 62.70 -0.01 10.88 10.87 0.01
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Table 6 The optimum strength and measured results

iH x:/min x,/min x3/min A AE/MPa SEM{E/MPa %72 /MPa
YRR 21 67 57 74.70 75.28 0.58
Yrim 26 65 58 12.52 12.40 -0.12
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£ 145 min B, Z5H 04RO 15 2] e AP RR EE 75.82 MPa, {H
FEASTE ARG I v 1) IS )RR By, 42238 3 v 55 6 4L H
JE T EE 2 R IA R 170 min B bR Al B 5 i &
AR 1Ay R R 100 min (975 (36 4) o X Ua Ay s
i), A AL BT PERE AR B RO R BE T o KT
KA ; 22, AN SR B st Il 4 ) 25 | e Al 7 T2
INE, (G ARk R SR e A AR R s i ] 5 5 B AN B L
I B S BT SO S 5 B BE A s B 8], 45 40 40 1
T ] A B R . 2T, Gt AL BB SR A) BE
T5 %, T FEARARERE 11% , %5 S A P4 9L Pr s Lo

AR BRI Ty 58 (14 3o R 100 BH Je 6 b e 1 ) 2t A v
“THEBREON " BT A AIER .t 6 nI A, 7E ] & S omas
FRPRLR AR Bk A e 2 TS 21 min J5 5 R AR ALK
7 (0.1~5 mm) JE B 67 min, I8 & B 5 K R Uk (0.1~15
mm) AL E FERIR S 57 min, X B EEEHL R B BRIGHESD T,
XL IR T AR YR 2R S B S BRIMAE T, 22k
TOUAS S 114 2k BB 0 AR 25 ) A 3K SE B R 4 VR T w1 3
Ui, BeAh, 00 25 AR OHUR 9 25 S AR R ) /INURE R
URE 2 [B] ARTRL S , T AE— e R Lk G th TR M 51 11 BT
SR AT, A A AR B 1 A% G I T I AR A 51
BRI AR A A0 B Ak P B0 LA A RERE St A5 L SE B .
FEXFP BB BIFE T Ak 2 R4k B h 2
HH R R A IV AR RN 40 K U, 3ok ol 4 36 ok 2 Xk B
W s A PR e ik B AR BEAT 1B W B A

YRR SR B 1 it AR v LB BRI A E T, 7 A

] T T AR S SR [ B A L B S R, i3 T ek
23 (8], FEAEOK T FE BT, SRR 2L BS54 rh ) K R
e AL . TR b Si0, S AR, AN, 5
B T 2 Oe sk R BIE B RR B VE L AR B
RHG TS, RS BAH R TAEREZR S B K", 8
KT P B8 7K 56 AT i) R B ] A A I 2 1T, S 7K ik A D)
TR TE R T 55y TR 200 T2, T8k
T 53 140 2 1) W F A A S0 5 it R 1T A [ 2
e BEIR) = A R Ty FE SRR R I BOVE T ZE K 40 3 fif
WPRHIT TR 18 1) 22 BEAR 45 44 3 WO R, R0 L oK, (i
PRI Bh RGN . 3XRE AW B — @ AT, T
PRI, Ik BIEOK 0 B 8 TR E e,
(TR ay by Y S S BTN N SS w2 e T
LSRR AL iR Bt 25

JIT AR BT TRy 15 i B ) TR R A, A R 5 79
BB R AT R, TR E R B o R 700 R AR IR
BN, V0 A B R [ AR REFE . T FH & 25 I vk 40 B A
ST T BB B A [ B S IS (1] L5 3 B s [ I A AR
A DLW B G R 2 2 IRV 252 2 38 BAE L, eI R
T A 14 [ A 5 o 3o e B £ (L, ELRS AR S o

AR5 T ] £ 1) 1R R 2 R R R AN (i P A G TR BE - Y
W RLA T, TR FH R AR L2 A e 55 R L A 1 S 4l
b, HOREBE 2 /N T IE H TR AN B R R B B A
70% , B FEPd FHRGR 5 87% . AN, K WKk —2ah K
7 2 14 YEL TN R T PR A AR ok A A T o % 11
W ZER AR PT TSR EE AT 3K 12.40 MPa. X FP BT m 2 1Y
SEFRRRGTE AR 22 4008 A5 R34



—t

2,

www.kjdb.org

S 2014,32(11)

SCIENCE & TECHNOLOGY REVIEW

4 4ig

M —Fh sy T Y A1 R AT LU R R i i
SERGRLRY BB R B R SR A AR . RIS ST
D7 AT LI OB, BRAIGIR IR A . B A5 LA ik vy
T EE KRR A 5 RIS RO S 45 o B Ao 0 5 e U
AALE I S e T 25 R Z M A EAER , I HR R & .
ZA AT H 25 A6 4 Rl B 5 TR 0 5 v 45 o BBE s ) ) e
PEACTC A H K Ao SRR s 45 B3 sF () A 2 by F0UA93 85 21 i,
55 1 BERRYURY I 67 min, 55 2 BB 57 min, LR IR
I35 F] 285 485 F1 550 m/kg. I FHAR AT il 7 11 i 5k 45 #)
BERHR A, 55 58 5 AT 3k 75.28 MPa, 8B B K 70%,
I AR % 5 ) i FH SRR 3] 87% , AR T Tl [ 5 (9 A1
R U A ) T 0 B SR A v 1) % R TR B - T

B30k (References)

[1] Wang X L, Ren R C, Liu Y. Application of DTA in preparation of
glass— ceramic made by iron tailings[J]. Procedia Earth and Planetary
Science, 2009, 1(1): 750-753.

[2] Zhang S, Xue X, Liu X. Current situation and comprehensive utilization
of iron ore tailing resources|J]. Journal of Mining Science, 2006, 42(4):
403-408.

[3] 2, (3, M. ARRFA AN X BRI EE - PERERZ ()], 4
JED 1L, 2013(1): 161-163.

Cui Xiaowei, Ni Wen, Wu Hui. Influence of different curing conditions
on the property of concrete with ore tailings[J]. Metal Mine, 2013(1):
161-163.

[4] 2L, WRAE SC E, A5 FRPPT BN B A B R T 1 S HCSR A

ZERRFZR )], ST R4, 2013, 35(8): 1-5.
Li Beixing, Chen Mengyi, Wang Wei, et al. Influence of curing system
on the activity of silica—rich iron tailings and the pore structure of iron
tailings— cement|J]. Journal of Wuhan University of Technology, 2013,
35(8): 1-5.

[5] FBAGH, {532, TR, 55, SRR MU Ab 25 15 Ak B i s S al A

BT EsURHE K AF2E3], 2010, 32(4): 504-508.
Zheng Yongchao, Ni Wen, Xu Li, et al. Mechanochemical activation of
iron ore tailings and preparation of high—strength construction materials
[J]. Journal of University of Science and Technology Beijing, 2010, 32
(4): 504-508.

(6] 2L, BREF L, F A5 BB Tr SO0 SRR~ i SR BE AR
AESEIRAT). REBRERIEAR, 2013, 32(8): 1463-1467.

Fik

SCIENCE & TECHNOLOGY REVIEW

Li Beixing, Chen Mengyi, Wang Wei, et al. Effect of grinding method
on performance of iron tailings— slag based cementitious material[J].
Bulletin of the Chinese Ceramic Society, 2013, 32(8): 1463-1467.
[7] Bk, Axmelds, sKpg. T 48 S g A ]k i H A SR e L
FERFFEIN. 1, 2009(5): 29-30.
Yao Qianfeng, Yu Xiaofeng, Zhang Yin. Strength of recycled concrete
based on the uniform test and stepwise method[J]. Concrete, 2009(5):
29-30.
[8] ZME, 5030, TRFREL, &5, MUK BN £k A 4 = s A5 F AR 52 )
[J]. B #1244, 2010(S1): 72-73.
Wu Hui, Ni Wen, Fu Chenghong, et al. Influence of mechanical grind
on the high— strength construction materials[J]. Acta Mineralogica
Sinica, 2010(S1): 72-73.
[9] Fang K T, Lin D K J, Winker P, et al. Uniform design: theory and
application[J]. Technometrics, 2000, 42(3): 237-248.
[10] Bk, XIS 40HTM]. JLst: AR L, 2005.
Chen Kui. Design and analysis of experiments[M]. Beijing: Tsinghua
University Press, 2005.
[11] B, A3, BUMN TR, 45, SRR M RAED . JEat Ry
244k, 2010, 32(10): 1253-1257.
Huang Xiaoyan, Ni Wen, Zhu Liping, et al. Grinding characteristic of
Qidashan iron tailings[J]. Journal of University of Science and
Technology Beijing, 2010, 32(10): 1253-1257.
[12] 2, RS, K, 45, KB e PR o iR e bR 40,
&R 111, 20102): 167-170.
Li Dezhong, Ni Wen, Zheng Yongchao, et al. Experimental research
on high-strength concrete preparation with large content of iron tailings
[J]. Metal Mine, 2010(2): 167-170.
[13] PR, A S A0 F M. dbat: Bl e, 1994.
Fang Kaitai. Uniform design and uniform design table[M]. Beijing:
Science Press, 1994.
[14] JEIAg, Z000H, H AR, KB R S IR TR BE L 1 1 0 iR I i oY
[J]. B 2E4R, 2005, 30(4): 418-422.
Zhou Mei, Ji Chengjun, Xiao Jianhua. The uniform design
experimental research of a large amount of fly ash self- compaction
concrete[]]. Journal of China Coal Society, 2005, 30(4): 418-422.
[15] T, S0, SRELUe, 5. I BRAON i) #éB o  k e iR B 1
[J]. @47 111, 2010(12): 162-166.
Xu Li, Wu Hui, Guo Zhenni, et al. Preparation for ultra—high strength
concrete with tailings by using micro—ball effects[]]. Metal Mine, 2010
(12): 162-166.
(% |1E)

(ISR ‘EHIB = BT
“RBEIERZDERBF A PEHFERE P
IRREEHRERALAL FH, ARFHEREH

R ERAiRL, ARB KA LR, FHLFTY
2000 5, Fl B if SR AEAE R I TAERBA L L T
A%, F%A515 46 :kjdbbjb@cast.org.cn,



